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Western society has an increasing proportion of older adults. Increasing age is associ-
ated with a general decrease in the control over task-relevant mental processes. In the
present study we investigated the possibility that successful transfer of game-based cog-
nitive improvements to untrained tasks in elderly people is modulated by preexisting
neuro-developmental factors as genetic variability related to levels of the brain-derived neu-
rotrophic factor (BDNF), an important neuromodulator underlying cognitive processes.We
trained participants, genotyped for the BDNF Val66Met polymorphism, on cognitive tasks
developed to improve dynamic attention. Pre-training (baseline) and post-training mea-
sures of attentional processes (divided and selective attention) were acquired by means of
the useful field of view task. As expected, Val/Val homozygous individuals showed larger
beneficial transfer effects than Met/-carriers. Our findings support the idea that genetic
predisposition modulates transfer effects.
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INTRODUCTION
The mean age of Western societies is growing rapidly: the propor-
tion of people of 65 years and older will rise from 15% in 2009
to 26% in 2039 and the ratio of retired to working adults will
increase from 25 to 49% Central Bureau Statistiek (CBS, 2011).
Given this growing population of elderly people it will be impor-
tant in the near future to understand how cognitive functioning
can be preserved and promoted in old age. We already know that
some cognitive processes (e.g., feature perception, speech) are less
impaired while other cognitive processes such a working memory
(WM) and reasoning show large decrements with increasing age
(Ball et al., 2004; Brehmer et al., 2007; Shing et al., 2010). Atten-
tion abilities and speed of processing also deteriorate in aging
(Faust and Balota, 1997; Ball et al., 1998). A crucial deficit that
triggers these problems is a general decrease in the control over
task-relevant mental processes: with increasing age it is increas-
ingly difficult to apply new rules, to coordinate multiple rules, and
to maintain relevant information in the context of interfering ones
(Ball et al., 2004). From a meta-analysis of aging studies relevant
to selective and divided attention, Verhaeghen and Cerella (2002)
drew the more cautious conclusion that specific age effects were
largely confined to conditions that require the concurrent handling
of multiple task sets, such as in divided attention tasks, consistent
with a resource-limitation view of cognitive aging. Interestingly,
individual differences in cognitive performance increase from
early to late adulthood reflecting genetic differences. In particular,
Lindenberger et al. (2008) suggested the function relating brain
resources to cognitive performance is non-linear, so that genetic
variability is more likely to result in performance differences when
resources move away from close-to-optimal levels, as in aging. In
other words, the genetic setup of an individual matters more the
older he or she gets.
What are useful cognitive interventions to preserve executive
functioning in old age? The evidence that the regular use of brain
trainers may compensate for cognitive decline with old age is
still controversial. Very recently, in a provocative study, Owen
et al. (2010) trained 11,430 participants online over a period of
6weeks on cognitive tasks developed to improve reasoning, mem-
ory, planning, visuo-spatial skills, and attention. Even though the
participants improved in every one of the trained tasks, the ben-
efit unfortunately did not stretch to transfer effects to untrained
tasks. The authors came to the rather pessimistic conclusion that
this provides: “no evidence to support the widely held belief that
the regular use of computerized brain trainers improves general
cognitive functioning in healthy participants beyond those tasks
that are actually being trained.”
The purpose of the present study was to investigate whether
conclusions of that sort might come out somewhat less pessimisti-
cally if one considers the fact that people are not all the same.
In particular, it is possible that successful transfer to untrained
tasks in elderly people is modulated by, among other things, pre-
existing neuro-developmental factors. Particularly promising in
this respect seems to be genetic variability related to levels of the
brain-derived neurotrophic factor (BDNF), an important neu-
romodulator underlying cognitive processes. BDNF is a critical
regulator of the formation, plasticity, and integrity of neurons
(Angelucci et al., 2005).An interesting functional single nucleotide
polymorphism that leads to an exchange of amino acids from
valine (Val) to methionine (Met) has been found at codon 66 in
the 5′ pro domain of the BDNF gene (Egan et al., 2003). The Met
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allele is associated with a decrease in activity-dependent secretion
of BDNF compared to the Val allele (Egan et al., 2003). Given
that the Met/Met homozygote variant occurs in only 2–3% of the
Caucasian population, most studies have compared carriers of a
Met allele (Val/Met) with individuals who are homozygous for the
Val allele (Val/Val). Val homozygotes show a greater task-related
brain activation, as well as higher performance in memory tasks
than Met carriers (Egan et al., 2003; Hariri et al., 2003; Pezawas
et al., 2004). Interestingly, Li et al. (2010) observed a BDNF Val
allele benefit in an episodicmemory performance (backward serial
recall) in old age but not in young age, supporting the hypothesis
of Lindenberger et al. (2008) that genetic variability plays a greater
role with increasing age.
The influence of BDNF on brain and cognition is not restricted
to long-term memory processes: Met carriers show reduced gray-
matter volume in prefrontal cortex (Xu et al., 2007) and perform
worse on the Wisconsin Card Sorting Test (Rybakowski et al.,
2003). The study by Bueller et al. (2006) indicated a hippocampal
reduction in Met carriers compared to individuals homozygous
for the Val allele. Given that the hippocampus has been suggested
to be involved in the rapid, flexible switching of attention (Fen-
ton et al., 2010), individual differences regarding BDNF may thus
mediate performance in, and perhaps the transfer to, tasks drawing
on these cognitive functions.
In order to test whether individual differences regarding BDNF
may mediate the efficiency of brain training in preserving cog-
nitive control in old age, we trained elderly healthy participants,
genotyped for the BDNF Val66Met polymorphism, on cognitive
tasks developed to improve dynamic attention. Pre-training (base-
line) and post-training measures of attentional processes (divided
attention and selective attention) were acquired by means of the
useful field of view (UFOV™) task.
The UFOV concept was originally defined by Sanders (1970)
as the visual-field area over which information can be acquired
in a brief glance without eye or head movements. In contrast to
clinical visual-field tests, which commonly require the detection
of threshold targets, the UFOV task requires both identification
and localization of suprathreshold targets through subtests that
primarily tap one’s ability to process rapidly presented, increas-
ingly complex information within a single glimpse through three
increasingly difficult visual subtests incorporating stimulus iden-
tification, divided attention, and selective attention, respectively.
The UFOV task is considered a useful test in guiding diagnosis and
treatment of older adults who are experiencing functional visual
problems without a clinical basis (Ball and Owsley, 1993). Consis-
tent with this, poorer UFOV task performance has been found to
be associated with poor driving performance in older adults (Clay
et al., 2005) and other impairments of everyday activities.
The first UFOV subtest requires the identification of a target
(silhouette of a car or truck) presented in a central fixation box.
The second subtest taps divided attention and involves the identifi-
cation of a central target along with localization of a simultaneous
peripheral target (silhouette of a car). The third subtest consists of
these same two tasks, but also includes visual distractors (triangles
of the same size and luminance as the targets) that fill the rest of the
visual display. Given that the first UFOV subtest has been found to
be not sensitive to cognitive intervention (Ball et al., 2007), in the
current study participants were asked to perform only the second
and third subtest.
Considering the evidence of a hippocampal reduction in BDNF
Met carriers as compared to Val/Val homozygous (Bueller et al.,
2006) and the suggestion that the hippocampus is involved in
the rapid, flexible switching of attention (Fenton et al., 2010), we
expected that BDNF variability accounts for individual differences
in the transfer to performance in the second and third UFOV sub-
test. Accordingly, we expected Val/Val homozygous individuals to
show larger transfer effects than Met/-carriers.
MATERIALS AND METHODS
PARTICIPANTS
Ninety participants were recruited through advertisements in a
local newspaper and on the internet. Eight participants withdrew
from the study and another 12 could not complete the interven-
tion due to technical issues, time constraints, or medical problems.
For 10 participants the BDNF Val66Met polymorphism was not
available. The data of the remaining 60 participants (32 males,
28 females), with a mean age of 67.6 years (SD= 3.7), 112.9 IQ
(SD= 3.0, range 100–130, as determined by a Raven Standard
Progressive Matrices (SPM) task,with raw scores transformed into
age-specific IQ scores on the basis of Peck, 1970), and with a mean
score of 28.8 (SD= 1.2, range 27–30) in the mini mental state
examination (MMSE; Folstein et al., 1975), were analyzed. Forty
participants were randomly assigned to the experimental group
and 20 to the control group. Full participation was rewarded with
C100. Written informed consent was obtained from all partici-
pants after the nature of the study was explained to them; the
protocol was approved by the institutional review board (Leiden
University, Institute of Psychology).
APPARATUS AND STIMULI
Computerized tests were controlled by a Windows-operated com-
puter attached to a Philips 17′ monitor in the Leiden University
laboratories. Games were played through internet at home.
USEFUL FIELD OF VIEW TEST
In the divided attention subtest and a selective attention subtest of
the UFOV™(Edwards et al., 2005) the central stimulus was either
a picture of a car or a picture of a truck. The peripheral target was
a picture of a car or a truck. Stimuli were simple schematic line
drawings. The two stimuli were exactly the same except for two
of the lines constituting the car stimulus being absent in the truck
stimulus. The peripheral target could appear at one of eight radial
locations. The sequence of events was identical for both subtests,
except that in the selective attention subtest, the empty parts of the
stimulus display were filled up with distracters (triangles), while
in the divided subtest there were no distracters, see Figure 1. After
the stimuli, two response prompts appeared consecutively. First,
participants were requested to indicate the perceived identity of
the central stimulus by clicking on one of the two response alter-
natives. Second, the participant was prompted to click one of the
peripheral locations to indicate where the peripheral stimulus had
been presented.
In both conditions, a fixation box was presented at the begin-
ning of a trial, followed by both relevant stimuli. The screen was
Frontiers in Psychology | Cognition September 2011 | Volume 2 | Article 199 | 2
Colzato et al. Genetic modulation of video training
FIGURE 1 | Example of trial in the selective subtest (upper panel) and
in the divided subtest (lower panel).
filled with a white-noise visual mask immediately after stimulus
presentation. The duration of stimulus presentation was deter-
mined by a staircase algorithm. After two correct responses, stim-
ulus presentation time for the next item was shortened, whereas
stimulus presentation time for the next item was lengthened if
the previous response was incorrect. Scores were expressed as the
duration of stimulus presentation at which the participant could
correctly perform each subtest 75% of the time. Note that lower
scores indicate better performance.
VIDEO GAMES OF COGNITIVE INTERVENTION
The online intervention games were developed using Adobe
Authorware 7 (©Adobe Systems Incorporated, 2011) and were
inspired by Nintendo Brain Training for Nintendo DS.
Giving change
In this game the player is presented with a price to be cashed and
a payment that is made. The player’s task is to return change by
pressing the optimal combination of bills and coins. As players
advance, the presented prices and payments increase. Also, the
price and payment are presented increasingly briefly.
Firemen
In this game an animation of stick figures walking into and out of
a house is presented. After the animation, the player must indicate
how many people are inside the house. As players advance, stick
figures will walk into and out of the house with greater frequency,
faster, and in larger numbers.
Falling bricks
In this game an animation of bricks falling behind an occlud-
ing grid structure of rows and columns is presented. After
the animation, the player must indicate how high the stack of
bricks in a cued column is. As players advance, the number and
speed of falling bricks and the number of columns to monitor
increase.
Anagrams
In this game a string of letters is presented. The player’s task is to
spell a new word using all the presented letters. As players advance,
the length of the presented letter string increases.
Clock
In this game an analog clock is presented. The player must indicate
what time it will be in a certain amount of time, given the current
time indicated by the clock. As players advance, the amount of
time to be added to the presented time increases.
DOCUMENTARIES IN THE CONTROL INTERVENTION
In the control intervention, participants viewed a new documen-
tary of 30min on each session, delivered by streaming video
through internet (cf. Smith et al., 2009). The topics of the doc-
umentaries were of interest to the population (e.g., politics,music,
tourism, recent history), and the documentaries did not tax exec-
utive control functions. Each documentary was followed by 3–5
multiple-choice quiz questions.
DNA LABORATORY ANALYSIS
Genomic DNA was extracted from saliva samples using the
Oragene™DNA self-collection kit following the manufacturer’s
instructions (DNA Genotek, Inc., 2006). Following Colzato et al.
(2010a,b), the genotype was scored by two independent readers by
comparison to sequence-verified standards. The Val66Met poly-
morphism (rs 6265) was extracted from whole genome data using
PLINK software (http://pngu.mgh.harvard.edu/∼purcell/plink).
Val66Met was in the equilibrium as stated by Hardy and Wein-
berg (p = 0.29). Individuals who were homozygous for the Met
allele were merged with the heterozygous individuals into a group
of Met carriers (n = 13 in the experimental group and n = 7 in the
control group) and compared to homozygous Val carriers (n = 27
in the experimental Group and n = 13 in the control group).
Genotype frequencies were similar to those reported in previous
studies on Caucasian populations (Lang et al., 2005; Colzato et al.,
2011).
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PROCEDURE AND DESIGN
All participants were tested individually. The intervention in the
experimental group consisted of the five computer games taxing
executive functions. The games were randomly changed approxi-
mately every 3min, and the level of difficulty was adjusted to the
performance of the participant, both in order to maximize the
challenge of executive function. After each game or documentary
round, data were saved.
The documentaries were presented in a fixed order. Before and
after the 7-week intervention, the UFOV task was administered.
In addition, participants were subjected to a shortened, comput-
erized version of the Raven’s SPM (Raven et al., 1988), as used in
previous studies (Keizer et al., 2010), to estimate individual IQs.
Out of the original, full SPM set of 60 items, half of the items (odd
or even)was administered in the pre-test, the other half in the post-
test. The order of subsets was balanced between-participants. The
SPM assesses the individual’s ability to create perceptual relations
and to reason by analogy independent of language and formal
schooling; it is a standard, widely used test to measure Spearman’s
g factor and of fluid intelligence in particular. Each participant
performed the tests in the same order at pre- and post-test.
TheMMSEwas administeredonly duringpre-test. It is themost
widely used assessment of global cognitive function. It is oftenused
to screen for dementia or monitor its progression. A Dutch version
(adapted fromFolstein et al., 1975) of the testwas used. TheMMSE
consists of several questions and problems related to arithmetic,
memory, orientation, language use and comprehension, and basic
motor skills. Participants were instructed to answer all questions
and perform all requested actions to the best of their ability.
The testing session took approximately 40min to complete.
The pre- and post-test assessment was separated by an interven-
tion period of 7weeks. Participants were instructed to complete
one 30-min intervention session per day, resulting in a total of
approximately 24.5 h of training. Compliance was confirmed by
analysis of the recorded progression data.
STATISTICAL ANALYSIS
First, independent samples t -tests were performed to test Age,
MMSE, and IQ values between groups. Second, for both the
divided attention subtest and a selective attention subtest of the
UFOV mean scores were analyzed by means of ANOVAs using
assessment (pre- and post-test) as within-, and BDNF (Val/Val
vs. Met/-) and Group (Experimental vs. Control) as between-
participants factors. Third, mean scores of the five intervention
games were analyzed by means of ANOVAs using BDNF (Val/Val
vs. Met/) as between-participants factors. A significance level of
α= 0.05 was adopted for all tests.
RESULTS
PARTICIPANTS
Participants trained 49 times during the 7-weeks of intervention.
Participants in the experimental group were not significantly dif-
ferent from participants in the control group with respect to age,
sex, IQ, and MMSE score (all ps> 0.05).
UFOV2 (DIVIDED ATTENTION)
Mean scores for both groups and assessment are shown in
Table 1. Mean scores analysis showed a main effect of assessment,
F(1,56)= 7.47, p= 0.008, MSE= 6385.66, η2p = 0.118, due to
a general improvement after the cognitive intervention. More
important for present purposes, assessment was involved in a
three-way interaction with group and BDNF, F(1,56)= 3.77,
p= 0.049, MSE= 6385.66, η2p = 0.058. As expected, Val/Val
homozygous exhibited a significant main effect of assessment,
F(1,38)= 15.78, p= 0.0001, MSE= 5338.54, η2p = 0.29, which
was involved in a two-way interaction with group, F(1,38)= 4.04,
p= 0.048,MSE= 5338.54,η2p = 0.096.OnlyVal/Val homozygous
in the experimental, F(1,23)= 23.50, p= 0.0001, MSE= 5084.30,
η2p = 0.50, but not in the control group, significantly bene-
fited from the cognitive intervention, F(1,15)= 1.15, p= 0.24,
MSE= 5728.38, η2p = 0.09. In contrast, Met/-carriers, did not
show either a significant main effect of assessment, Fs< 1. To
be certain that the three-way interaction involving assessment,
group, and BDNF was driven by the beneficial effect of Val/Val
homozygous in the experimental and not by an eventual benefit
of Met/-carriers in the control group, we ran separate ANOVAs
for the experimental and control group. The two-way interaction
involvingBDNFand assessmentwas significant for the experimen-
tal group, F(1,38)= 7.52, p= 0.009, MSE= 51584.53, η2p = 0.16,
but not for the control group, F < 1, suggesting that indeed
Val/Val homozygous showed a successful transfer to untrained
tasks.
UFOV3 (SELECTIVE ATTENTION)
Mean scores for both groups and assessment are shown in
Table 1. Mean scores analysis showed a not yet significant main
effect of assessment, F(1,56)= 2.85, p= 0.097, MSE= 4259.88,
η2p = 0.049, which was involved in a two-way interaction with
BDNF, F(1,56)= 4.98, p = 0.045, MSE= 4259.88, η2p = 0.071.
Val/Val homozygous benefited from the cognitive intervention,
F(1,38)= 14.82, p = 0.0001, MSE= 4052.06, η2p = 0.28, while
Met/-carriers did not, F< 1. However, this interaction did not
depend on the intervention. BDNF was not further involved in
any significant effect and no other interaction was reliable.
Table 1 | Mean UFOV2 and UFOV3 scores for Met/-carriers andVal/Val
homozygous individuals for the pre- and post-test assessment, and
effect sizes ().
Met/-carriers
(n=20)
Val/Val homozygous
(n=40)
UFOV2 UFOV3 UFOV2 UFOV3
Experimental group
Pre-test 164 (32) 277 (27) 178 (27) 267 (21)
Post-test 168 (25) 308 (25) 78 (21) 248 (19)
 +4 +31 −100* −19
Control group
Pre-test 196 (66) 265 (44) 144 (33) 277 (24)
Post-test 126 (52) 242 (40) 114 (26) 199 (22)
 −70 −23 −30 −78
SE in parentheses. Note that lower scores indicate better performance. Signifi-
cant group difference; *p<0.05.
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VIDEO GAMES OF COGNITIVE INTERVENTION
In all five video games Met carriers reported comparable scores
as Val/Val homozygotes, Fs< 1 (for Giving Change, Firemen,
Clock, Anagrams), and F(1,38)= 2.69, p= 0.11, MSE= 206.83,
η2p = 0.066 (for Falling Bricks), see Table 2.
DISCUSSION
Our findings suggest that successful transfer to untrained tasks in
elderly people is modulated by preexisting neuro-developmental
factors as genetic variability related to levels of BDNF – an
important neuromodulator underlying attentional processes. As
expected, in the experimental group,Val/Val homozygous individ-
uals showed larger beneficial transfer effects than Met/-carriers.
This effect was clearly observable in divided attention, but not
in the selective attention subtest of the UFOV. This suggests
that the BDNF Val66Met polymorphism affects different, sepa-
rable components of attention. Fossella et al. (2002) suggested
that the efficiency of neural networks related to different aspects
of attention rely on different anatomical and neuromodular
networks.
Alternatively, the finding that elderlyVal homozygoteswere able
to improve divided, but not selective attention by training might
be a reflection of how difficult each task was and how much room
for improvement it left. That is, selective attention may be much
less sensitive to the adverse effects of old age than divided atten-
tion is (e.g., Madden et al., 1997; Verhaeghen and Cerella, 2002).
We interpret the data to suggest that following the game training
it had become easier for older adults to recruit control, which is
crucial for managing the burden of a divided attention task. Sim-
ilar recruitment may not be necessary, or at least not to the same
extent, for older adults performing on the selective attention sub-
task of the UFOV. Thus, game training seems to have helped Val
homozygous older adults to extend, or make more efficient use of
the resources for handling multiple tasks concurrently. Given the
explanatory value that the UFOV has been shown to possess for
accident proneness (Clay et al., 2005), the game-based enhance-
ment that we have demonstrated is likely to transfer beyond the
simplified setting of a laboratory.
It interesting to note that the training-induced benefit that Val
carriers showed in the divided attention task was not accompa-
nied by comparable benefits in the videogame tasks being trained.
On the one hand, it is easy to see that the videogame tasks are
so complex that they were likely to draw on numerous abilities
Table 2 | Mean video games of cognitive intervention scores for
Met/-carriers andVal/Val homozygous individuals.
Met/-carriers (n=13) Val/Val homozygous (n=27)
Video games
Giving change 42 (3.6) 38 (2.9)
Firemen 27 (3.0) 25 (2.5)
Falling bricks 16 (3.6) 24 (2.9)
Anagrams 244 (18) 327 (14)
Clock 53 (8.8) 52 (7.2)
SE in parentheses.
and resources of the participants, including sensory and motor
processes. Therefore, getting better on a task is likely to involve
improvements on various types of processes, with many of them
being unrelated to cognitive control. In contrast, the UFOV tasks
are tailored to assess only a small number of cognitive functions,
which makes it easier to make improvements on these functions
visible in performance measures. In that sense, finding more reli-
able effects in a task that has been conceived to be more selective
may not be surprising. On the other hand, however, this reinforces
the need for sensitive testing and the employment of tasks that
are suited to assess well-defined cognitive functions. Without such
selective tasks cognitive enhancements may very well come and go
unnoticed.
Even though our findings, based on a rather small sample, may
be limited to attentional processes and need thus be interpreted
with caution, they do provide preliminary support for the idea
that genetic predispositions might modulate transfer effects. This
raises the possibility that the pessimistic conclusions of Owen et al.
(2010) regarding the efficiency of brain trainers might have been
premature, at least for attentional resources. The consideration of
individual differences might help to tailor training programs bet-
ter to the needs and abilities of elderly people and thereby improve
the efficiency of brain training. Our findings suggest that at least
for some individuals all hope for general cognitive improvement
is not lost.
CONCLUSION
The present findings reopen the question whether brain training
is a useful cognitive intervention to preserve cognitive control –
the ability to control one’s thoughts and goal-directed behavior –
in old age. Of particular interest would be to use genetic mark-
ers related to cognitive control to predict individual differences in
both predicting cognitive aging deficits and identifying predisposi-
tions that are sensitizing individuals for brain training in old age.
Future research, with a greater sample size, is needed to extend
these preliminary findings to the three major control functions:
the “inhibition” of unwanted responses, the “shifting” between
tasks and mental sets (also called “flexibility”), and the “updat-
ing” (and monitoring of) WM representations (Miyake et al.,
2000).
Our study is thefirst to combine cognition, intervention studies,
and behavioral genetics from an aging neuroscience perspective
to establish a proof-of-principle regarding personalized train-
ing procedures toward retention of cognition in healthy elderly.
Given the great societal relevance of prevention of neurocognitive
aging, these kinds of proofs-of-principle are particularly impor-
tant for optimizing societal intelligence and mental welfare as a
whole.
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